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ABSTRACT 

A 2x3x2x2 factorial experiment was designed to compare the per- 
formance and carcass characteristics of starting - growing - finishing 
pigs. The factors were: cereal source (wheat and barley), treatments 
(low moisture content grains, low moisture content grains with added 
volatile fatty acids and high moisture content grains preserved with 
volatile fatty acids), sex (barrows and gilts) and replicates. The 
volatile fatty acid mixture contained 2/3 acetic and 1/3 propionic 
acids. The moisture contents of the low moisture wheat and barley 
were 14.2%, high moisture wheat was 19.9% and high moisture barley 
was 25.5%. The diets were formulated to contain 17.4% protein on a 
dry matter basis. 

Pigs fed barley-based diets consumed more feed per day, gained at 
a faster rate and had_better feed conversion efficiencies than pigs 
fed wheat-based diets. Treatments had no significant SfLectson 
performance of the pigs from weaning to 90 kg liveweight. Barrows 
gained at a faster rate than gilts but daily feed intakes and feed 
conversion efficiencies were not different between sexes during the 
Starting period which is the only period where sexes were fed separately. 

Barley-fed pigs reached market weight at a younger age and produced 
superior carcasses than did wheat-fed pigs. Volatile fatty acid treat- 
ment of cereals increased slaughter age of pigs by approximately 10 
days. Pigs fed barley-based diets had a larger proportion of saturated 
fatty acids and concomitantly less unsaturated fatty acids in the back 
fat than those fed wheat-based diets. Treatments had no significant 
effects on the carcass characteristics or proportions of saturated 
and unsaturated fatty acids in the back fat. 
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Gilts produced superior carcasses compared with barrows. There 
were more unsaturated and less saturated fatty acids in the outer back 
fat layer of the gilts. 

The data suggest that high moisture barley preserved with a mixture 
of acetic and propionic acids may be substituted for low moisture barley 
on a dry matter basis for pigs. The data also suggest that similar sub- 
stitutions may be made between high moisture wheat with preservative and 
low moisture wheat but the results are not as unequivocal as those with 


barley. 
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INTRODUCTION 

Relatively little work has been reported in the literature compar- 
ing wheat with barley as the sole cereal grains in swine diets. This has 
bemin part due to the relatively high cost of wheat which has usually 
been considered as a human food unless the grain was of low quality. 
Recent economic conditions affecting the price of wheat and the intro- 
duction in Canada of new varieties of feed wheats, now referred to as 
utility wheats, has led to renewed interest in balanced diets composed 
of high levels of wheat. It therefore seemed desirable to investigate 
the relative merits of diets based on wheat compared with barley on the 
performance and carcass characteristics of pigs. 

Weather conditions and length of the growing season in some parts 
of Western Canada are such that it is often difficult to harvest grain at 
a moisture content low enough to enable storage under conventional condi- 
tions without artificial drying. In recent years, volatile fatty acids 
(VFA) have been used as preservatives for high moisture content grains. 
As this is a relatively new method of storage, an experiment was designed 
to investigate the effects on performance and carcass characteristics of 
pigs when they were fed barley or wheat-based diets containing no VFA or 


low levels of added VFA to low and high moisture grains. 
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LITERATURE REVIEW 
General comparison of wheat and barley in diets for swine 

Cereal grains commonly constitute the major source of energy in 
diets for swine. Because typical pig diets contain large amounts (over 
80 percent) of cereals, a substantial portion of the dietary protein 
also comes from grains. 

The relative merits of wheat and barley in providing energy, pro- 
tein and essential amino acids, particularly lysine,for growth and main- 
tenance of the pig may be gained by inspection of NRC Feed Composition 
Tables (1969). Wheat and barley vary in protein and energy content 
depending on variety and location at which they are grown; however, as a 
source of digestible energy (DE) wheat is generally superior to barley. 
This observation is in agreement with Cornejo et al. (1973), Robinson 
et al. (1965) and Henry (1968). The crude protein and digestible pro- 
tein content of wheat is also superior to that of barley. The lysine 
content of wheat is generally slightly less than that of barley on an 
equal weight basis and much less on a protein equivalent basis. 
Chamberlain (1969) has assigned wheat a value for energy content of 114% 
and for protein and lysine of 103% the value of barley. These values 
are based partially on economics and are probably valid at only one 
point in time. There are no major or consistent differences in mineral 
or vitamin content between barley and wheat (NRC Feed Composition Tables, 
1969). 

Diets based on wheat and barley as the sole source of energy and protein 

It has been known for many years that diets based on cereals unsup- 
plemented with protein do not support adequate rates of gain (ADG) and 


efficiencies of feed conversion (F/G) when compared with balanced diets. 
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It is widely accepted that the ingredients supplied in a balanced diet, 
other than the cereal source, play a definite role in determining the 
performance of pigs fed these diets. 

In a series of trials, Bowland and Berg (1959) demonstrated the 
superiority of a balanced diet in improving ADG, F/G and daily feed intake 
(ADF) over diets containing wheat and barley as the only sources of pro- 
tein and energy. Over a ten week feeding period, weanling pigs fed a 
balanced control diet gained approximately three times faster, consumed 
twice as much feed and required three quarters as much feed per kilogram of 
gain compared with pigs fed wheat and barley supplemented only with min- 
erals and vitamins. The barley-fed pigs gained faster, consumed more 
feed and required more feed per unit of gain than did wheat-fed pigs. 
Henry (1968) reported similar findings for pigs in the "finishing period". 
Robinson et al. (1965) reported similar rates of gain for barley and 
wheat-fed pigs but non-significantly better F/G for barley diets from 55 
to 90 kg. Bellis and Taylor (1961) reported superior ADG and F/G for 
barley than for wheat for 55 to 105 kg pigs. 

In cases where wheat or barley constitute the sole source of pro- 
tein and energy, it appears that barley is superior to wheat. This is 
probably associated with the better ratio of protein to DE and the higher 
lysine content in barley. In diets of this nature, energy content would 
not be a limiting factor. 

Wheat and barley in balanced diets for pigs 

The use of high levels of wheat in diets for pigs has recently be- 
come of greater interest in western Canada. Wheat has been used to vary- 
ing extents for many years. The introduction of new varieties of feed 


wheats, now referred to as utility wheats, and most importantly recent 
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economic conditions have led to its use at high levels. For a general 
discussion of wheat as a pig feed, the reader is referred to Wheat in 
Livestock and Poultry Feeds (1970). Comparisons in the literature of 
wheat and barley as the only cereal source in swine diets are few. 

Effects on ADG, F/G and ADF 

Most of the work reported in the literature concerning high levels 
of wheat or barley in pig diets has been done with diets containing 
equal amounts of the cereals supplemented with a standard protein, miner- 
al and vitamin supplement. In general the wheat-based diets are of high- 
er caloric density than the barley-based diets. 

In a series of experiments, (Cole et al., 1969),diets containing 
approximately 83% and 86.5% of wheat or barley in starting and finishing 
diets respectively were compared. The DE:protein ratios were calculated 
to be similar for the wheat and the barley-based diets. In the first of 
these trials, ADG were similar at 0.56 kg/day for the wheat-fed pigs and 
0.58 kg/day for the barley-fed pigs to 90 kg liveweight. No significant 
difference in F/G was reported but barley-fed pigs consumed more (P<.001) 
feed per day and had a greater (not significant) DE intake than the wheat- 
fed pigs. During the second trial, there was no difference in ADG or F/G 
for pigs fed either diet. The barley-fed pigs consumed more feed (1.87 
kg/day) than the wheat-fed pigs (1.83 kg/day) which resulted in no signi- 
ficant differences in DE intake. A third trial was carried out in which 
barley-fed pigs gained slightly more rapidly 0.64 kg/day) compared with 
those fed wheat (0.61 kg/day). F/G did not differ between the diets but 
barley-fed pigs ate slightly more feed and consumed similar amounts of DE. 
In the last trial of this series, ADG and ADF were not different between 


the pigs fed the two diets; however, the barley diets were better utilized 
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than the wheat diets (P<.01). 

Similar trials designed by Chamberlain (1969) in which diets con- 
taining a minimum of 76% of wheat and barley and equalized as to pro- 
tein:DE ratios and lysine:DE ratios were compared. These diets were fed 
to 90 kg liveweight with the pigs being given equal amounts of dry matter 
and, therefore,equal DE. In the first of these trials where DE:protein and 
DE:lysine ratios were calculated to be equal,the barley-fed pigs gained 
more rapidly at 0.60 kg/day compared with 0.56 kg/day for the wheat-fed 
pigs but converted feed less efficiently at 3.15 kg feed/kg gain and 3.00 
kg feed/kg gain respectively. In a second trial, the DE:protein and DE: 
lysine ratios were equalized using data from the analysed ingredients. 

In this case, ADG were similar for both diets and F/G was better for the 
wheat-based diet (3.00 kg feed/kg gain) than for the barley-based diet 
(3.25 kg feed/kg gain). It would appear that under the circumstances 
just described these cereals support similar rates of gain with a slight- 
ly superior efficiency of feed conversion in pigs fed wheat-based diets 
compared with barley-based diets. 

When wheat is substituted in a diet at equal rates with barley 
without adjustments for the energy:protein ratios,it might be expected 
that wheat should support faster growth rates than barley due to expected 
higher caloric density of the wheat-based diet. Lawrence (1968) conducted 
an experiment comparing these cereals at 85% and 90% inclusion in starting 
and finishing diets respectively. Diets contained the same quantity of a 
standard supplement. ADG were not significantly different between the two 
diets averaging 0.67 kg/day for wheat and 0.67 kg/day for barley. F/G for 
wheat (2.86 kg feed/kg gain) was similar to that of the barley (2.91 kg 


feed/kg gain). However, DE/kg gain was superior for the barley diets at 
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1.73 Mcal/kg than for wheat diets at 2.02 Mcal/kg (P<0.001). A second 
experiment (Lawrence, 1970) designed in the same manner was carried out. 
Growth rates were similar between the wheat (0.70 kg/day) and barley 
(0.70 kg/day) diets. The F/G were not significantly different at 2.73 
kg feed/kg gain for wheat and 2.83 kg feed/kg gain for barley. The DE 
was converted to gain slightly less efficiently for wheat than for barley 
diets (1.86 Mcal/kg vs 1.72 Mcal/kg). The lack of response in ADG in 
these trials to the increased caloric density of the wheat diets compared 
with the barley diets may have been due to the method of feeding. Feed 
was offered to the pigs based on a scale linking feed offered to live- 
weight. 

Ad libitum feeding of diets containing high levels of wheat and 
barley should allow these cereals to exhibit their relative merits to 
the fullest extent in terms of ADG, ADF and F/G. With starting pigs for 
an eight week period from 3 1/2 weeks of age, Bowland (1967) compared 
diets based on wheat, hulless barley or heavy barley (50 1b to the 
bushel). All diets contained 60.9% of the appropriate cereal so that 
calculated DE/kg diet and crude protein by analyses decreased from the 
wheat to hulless barley to barley-based diets respectively. ADG averaged 
0.50 kg and F/G averaged 2.01 kg feed/kg gain and did not differ among 
pigs fed the three diets. Lennon et al. (1972) compared diets based on 
approximately 85% wheat and barley. The pelleted diets containing 15.5% 
crude protein were offered ad libitum to 22 kg pigs over a 91 day experi- 
mental period. The growth rates of the pigs on these diets were similar, 
0.86 kg/day for barley and 0.84 kg/day for wheat. Barley-fed pigs ate 
more (P<.01) feed; however, F/G was superior (P<.05) for the wheat-fed 


pigs. Wheat, regular barley and hulless barley were compared (Gill et al., 
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1966) when these cereals constituted 80% and 85% of starting and finish- 
ing diets respectively supplemented with equal quantities of a standard 
protein, mineral and vitamin supplement. The diets were fed ad libitum 
to 28 kg pigs for a 63 day trial period. The hulless barley and the 
wheat-fed pigs had similar growth rates and both were superior (P<.05) 
to pigs fed regular barley. The F/G were similar for wheat-fed pigs 
(3.49 kg feed/kg gain) and hulless barley-fed pigs (3.29 kg feed/kg gain) 
and both were superior (P<.05) in F/G to the regular barley-fed pigs at 
3.97 kg feed/kg gain. Diets compounded with wheat and barley (Hollis 

and Palmer, 1971) to contain 17% and 15% crude protein in starting and 
finishing periods respectively were shown to produce similar results for 
ADG, ADF and F/G. On these diets, wheat-fed pigs gained 0.66 kg/day, 
consumed 2.44 kg of feed per day and required 3.61 kg feed/kg gain com- 
pared with barley-fed pigs which gained at a rate of 0.68 kg/day, con- 
sumed 2.40 kg feed per day and required 3.66 kg feed/kg gain. Crampton 
and Ashton (1945) reported similar findings for pigs fed 85% and 90% of. 
wheat and barley in starting and finishing diets respectively supplemented 
with a constant formula protein and mineral supplement. Although ADG and 
ADF were not significantly different between pigs fed either diet, the 
"gains adjusted to average feed'' were significantly superior for the pigs 
fed the wheat-based diet. 

It would appear from the evidence in the literature that for either 
cereal, wheat or barley, there are substantial variations in ADG and F/G 
ratios. This could be due to genetic and environmental influences on 
the cereal sources or on the animals being fed, as well as feeding 
method. The variation in nutrient content, especially protein and 


energy, between samples of the same cereal play an important role in 
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determining the performance of pigs fed that cereal. The evidence 
Suggests that with balanced diets, barley is usually similar to wheat 
in terms of value. Efficiencies of feed conversion may be superior for 
pigs fed wheat-based diets because of the higher DE content of wheat 
compared with barley. 

Digestibilities of energy and nitrogen 

There is a paucity of information concerning the comparative digest- 
ibilities of diets based on high levels of wheat and barley. Lawrence 
(1968) comparing diets containing 85% and 90% of wheat and barley in 
starting and finishing diets respectively, found a greater apparent 
digestibility coefficient of dry matter (P<.001) in favor of the wheat- 
based diet although N digestibility coefficients were not significantly 
different. The digestibility coefficients of gross energy were greater 
for wheat-based diets, 82.5% and 85.2% for the starting and finishing 
diets respectively, than for barley-based diets at 70.5% and 77.0% in 
the starting and finishing diets respectively. The composition of feeds 
tables in the NAS-NRC Nutrient Requirements of Swine (1968) list DE values 
for barley ranging from 2896 to 3214 kcal/kg on an 'as fed' basis of 90% 
dry matter (DM). DE values listed for wheat on a similar basis range from 
3388 to 3569 kcal/kg. 

Carcass characteristics 

The use of high levels of wheat and barley in the diets of growing- 
finishing pigs has no significant effect on carcass length (Lawrence, 
1968, 1970; Crampton and Ashton, 1945; Hollis and Palmer, 1971). Hollis 
and Palmer (1971) and Lawrence (1968, 1970) found no significant differ- 
ences in loin eye area between pigs fed wheat and barley, a result which 


differs from that of Crampton and Ashton (1945) who reported a significant 
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increase in loin eye area for pigs fed barley-based diets (P <.05). 
Greater back fatthickness (P< .05) for wheat-fed pigs has been reported 
by Hollis and Palmer (1971) which is not in agreement with Gill et al. 
(1966) who found no significant differences in backfat thickness between 
wheat and barley-fed pigs. Lawrence (1968, 1970) also reported non- 
Significant differences between pigs fed wheat and barley in the amount 
of lean and fat in the carcasses although barley-fed pigs tended to be 
slightly leaner. Superior dressing percentages (P< .05) in favor of 
wheat-based diets have been reported by Hollis and Palmer (1971). A 
superior killing-out percentage (dressing percentage) has been reported 
in favor of barley-based diets (P< .01) in one of four trials (Coleet al., 
1969). In three of these trials there were no significant differences in 
this measure. Therefore,there is little agreement as to whether barley 
and wheat diets influence dressing percentage. 

The evidence suggests that high levels of barley or wheat in diets 
for pigs will produce similar carcass characteristics although wheat-fed 
pigs may tend to be fatter which is probably associated with the higher 
DE intake which may occur when pigs are fed diets based on wheat compared 
with barley. 

High moisture content cereals 

It is well known that high moisture content grain is subject to 
deterioration caused by microbial growth, especially fungi, and that such 
cereals can affect the performance of pigs. The method of storage as 
opposed to moisture content itself, may be the most important factor in 
determining feeding value. Grain harvested at a high moisture content is 
usually artificially dried before storing to prevent microbial growth and 


spoilage. Cereal grains such as wheat and barley are usually dried to 
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approximately 14% moisture content (m.c.). 

Performance of pigs fed high moisture cereals 

Livingstone and Livingston (1970) conducted a series of experiments 
comparing dried and moist (26% m.c.) barley in diets for growing-finish- 


ing pigs. The moist barley was stored in a silo under a CO, atmosphere 


2 
until milled and then placed in sealed plastic bags. The pigs were given 
equal amounts of feed (not on a DM basis) over the feeding period. The 

ADG and F/G of the pigs fed moist barley were not significantly different 
from those receiving the dried barley. In a subsequent experiment, when 
feed intakes were adjusted to give the same quantity of DM, the pigs fed 
dried barley grew faster (P< .001) and converted feed DM more efficient- 
ly (P< .001) than those fed moist barley. Rolling and grinding of the 
dried and moist barley did not affect the performance of the pigs. The 
moist barley-fed pigs gained at a slower rate (P<.05) and required more 
feed DM per unit of gain (P< .05) than did pigs fed dried barley irrespect- 
ive of processing. Subsequent drying of the silo-stored moist grain before 
feeding did not significantly improve the performance of pigs fed this 

diet over the moist barley diet. In this case,the pigs fed dried barley 
gained at a faster rate (P< .10) and converted feed more efficiently 

(P< .01) than did pigs fed the moist grain and the moist grain which had 
been dried at the time of removal from storage. This would indicate that 
changes during storage of the moist barley had occurred. In later trials, 
(Livingstone et al., 1971),the microbial growth in diets compounded with 
dried barley and moist barley (29% m.c.) was monitored. The moist barley 
was stored in sealed polyethylene bags. The pigs fed dried barley exhib- 
ited superior growth rates (P< .01) and efficiencies of feed conversion 


(P< .01) when compared with moist barley-fed pigs when the pigs were fed 
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equivalent amounts of DM. The numbers of bacteria isolated from the 
dried barley were broadly similar to those on the moist barley; however, 
the numbers of fungi were always no less than 500 times greater on the 
moist barley samples. 

Similar work with barley was carried out by Cole et al. (1970) com- 
paring dried and moist (19% m.c.) grain. In this experiment, the high 
moisture content barley-fed pigs gained at similar rates and converted 
feed DM as efficiently as those fed artificially dried barley. Similar 
findings by Forbes et al. (1963, 1964) were reported for silo-stored high 
moisture barley (25% m.c.) versus dried barley. Young (1970) reported 
that pigs fed artificially dried corn had growth rates, dry matter in- 
takes and efficiencies of feed conversion similar to pigs fed corn of 32% 
moisture content. When 40.5% moisture content corn was fed, rates of 
gain and dry matter intakes were inferior (PZ .05) to the pigs fed dried 
com. Since the DE contents of the diets on a DM basis ee the 
drop in growth rate was probably due to the lower feed intakes on the 40.5% 
moisture corn. Jamieson et al. (1967) noted that barrows fed air-dry 
versus high moisture barley (33% to 40% m.c.) "were on feed the least time" 
indicating no adverse effects on the performance of pigs due to the high 
moisture content of the barley. In a series of experiments, Conrad et al. 
(1958) found that pigs fed high moisture corn gained 3% faster, 5% faster 
or equally as fast as pigs fed dried corn. 

High moisture grain when properly stored, does not appear to affect 
growth rate or efficiencies of feed conversion of pigs. There is some 
evidence that method of storage may affect the feeding value of grain 
possibly due to fungal growth or changes in the grain during storage. It 


was frequently noted in the literature reviewed that high moisture grain 
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will "heat" soon after being placed in feeders or otherwise left open 
to the air. 

Digestibilities of energy and nitrogen 

The moisture content of grain does not appear to affect the apparent 
digestibility coefficients of the different fractions of the diets. 
Kornegay et al. (1968, 1968) reported no significant differences in the 
apparent digestibility coefficients of DM, protein, ether extract, crude 
fiber and N-free extract or N retained for pigs fed diets reconstituted to 
40% and 55% moisture content (of the diet) as compared with the dry diet. 
Similar findings (Cole et al., 1970) were reported for the digestibility 
coefficients of DM, N and gross energy between pigs fed high moisture 
and dried barley diets. Livingstone et al. (1971) reported digestibility 
coefficients for DM of 82.5% for dry barley and 81.3% for moist barley 
and for N of 84.7 and 82.2% for dry and moist barley diets respectively. 

Carcass characteristics 

The use of high moisture grain in pig diets does not appear to signi- 
ficantly effect carcass composition. Cole et al. (1970) showed no signifi- 
cant differences in measures of killing-out percentages, carcass length or 
backfat thickness between pigs fed diets compounded with dry and moist 
barley. Breidenstein et al. (1964) observed no significant differences 
for loin eye area, loin marbling, percent fat in the longissimus muscle 
or percent free moisture in the longissimus between pigs fed corn at three 
moisture eves ze 20% and 25% m.c.). Gross carcass composition as 
measured by specific gravity of half carcasses were shown to be similar 
for pigsfed dried and high moisture content barley (Forbes et al., 1964; 
Livingstone and Livingston, 1970; Livingstone et al., 1971). Area of the 


loin eye has been shown not to be affected by moisture content of dietary 
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barley (Livingstone and Livingston, 1970). Forbes et al. (1964) reported 
that backfat thickness was not affected by feeding moist barley which is 
in agreement with the findings of Livingstone and Livingston (1970). 
Volatile fatty acid (VFA) preservation of high moisture grain 

VFA and other short chain fatty acids have been found in the digest- 
ive tract, Diooc ana feces Of the pir (Friend 6t™al®,~ 1962," 1963,"'1965, 
1964). The acids present include acetic, propionic and butyric as well 
as other VFA and lactic acid. These acids for the most part are produced 
in the alimentary tract by microbial fermentation. In the young pig 
(Friend et al., 1963) the concentration of VFA (Cc, - Cy) and lactic acid 
tend toward uniformity throughout the alimentary tract up to about one 
week of age. The concentration of these acids tends to decrease in the 
upper part and increase in the lower part of the tract with age. The 
addition of whey to a control diet for these pigs did not appear to af- 
fect the presence: or butyric, acetic or propionic”“acids in’ the tract. 
Reduction in the percent of lactic acid accompanied by an increase in 
acetic and propionic acids in the tract occurred at 5 weeks of age which 
may have been related to introduction of solid feed. For older pigs, 70 
to 90 kg, the type of diet fed (control, bran-suppiemented and cellulose- 
supplemented) did not affect the levels of butyric, acetic and propionic 
acids in the alimentary tract.(Friend et al., 1963). The highest pro- 
portions of these acids occurred in the large intestine which is the 
only portion of the alimentary tract with significant amounts of organic 
acid (Elsden et al., 1946; Cole’et'al., 1968). ° These acids and other 
VFA and short chain fatty acids have been isolated from the feces of 
pigs (Friend et al., 1962) as well as carotid and portal blood (Friend 


et al., 1964). In carotid and portal blood, lactic acid represents 
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greater than 55% of the C, to Cc. volatile fatty acids and lactic acid, 


1 
followed in importance by formic acid (approximately 25%) and acetic 

acid (approximately 15%). Lesser quantities of propionic and butyric 

acid have been found. Acetic acid represented 97.8% and 86.7% of the 
total acetic, propionic and butyric acids present. Friend et al. (1964) 
calculated a possible energy contribution by VFA (acetic, propionic and 
butyric acids) from alimentary sources. Using determined arterial-venous 
difference and values for blood flow rate and heats of combustion from 

the literature,a possible contribution of 15 to 28% of the maintenance 
energy requirement of a 30 kg pig could be met. 

The chief sites of absorption of VFA in the pig are the caecum 
and proximal colon (Barcroft et al., 1944). When short chain fatty acids 
are fed in the diet to pigs they are probably absorbed and quickly meta- 
bolized. When butyric and caprylic acids were fed in the diet of sows 
(Witter and Rook, 1970) there was no detectable transfer of these acids 
to plasma triglycerides which would indicate rapid catabolism of short- 
chain fatty acids. Freeman et al. (1970) showed that endogenous product- 
ion of acetate is quantitatively more significant than acetate absorbed 
from the alimentary tract but that there was a contribution of acetate 
from alimentary sources. 

Addition of substantial quantities of VFA appear to be well tolerated 
by growing-finishing pigs. Bowland et al. (1971) conducted an experiment 
to study the acceptability and performance of pigs fed diets containing a 
VFA mixture (40 acetic: 40 propionic: 20 butyric by weight percent) and 
the sodium salts of these acids. Substitution of up to 8% by weight of 
these two mixtures into a control diet did not adversely affect rates of 


gain or feed intake of the pigs as compared with pigs fed a control diet 
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with no added acid mixture. The addition of 10 and 12% of the mixtures 
depressed growth rate (P< .05) and feed intake (P< .05). When 4% of these 
mixtures were substituted in the diets of growing-finishing pigs, ADG 

and ADF were not significantly affected. F/G over the total period from 
12 kg liveweight until slaughter were not significantly different between 
the control pigs and the pigs fed diets containing the mixtures of VFA 

and Na-VFA; however, during the 38 kg to 75 kg liveweight feeding period, 
the pigs given the acids and sodium salts of the acids demonstrated 
slightly superior ADG which was reflected in their superior F/G ratios. 
There was also an apparent improvement in calculated DE conversion effi- 
ciency by the pigs fed the acid and salt mixtures during this period. 

This superiority could not be accounted for by energy contribution of the 
VFA mixture and the salts of these acids alone. A possible "synergistic 
action" with other energy sources in the diet was suggested as a 

reason for the superiority. There were no significant differences in 
several measures of carcass characteristics including grade index, dressing 
percentage and average backfat thickness between control pigs and pigs fed 
the VFA mixture and the mixture of the sodium salts of these acids. 

The effect of addition of 0.8% of lactic acid, propionic acid, cal- 
cium propionate and calcium acrylate to the drinking water of pigs on 
performance and bacterial flora of the gut has been studied by Cole et al. 
(1968). The treated water was added to the feed at the rate of 2.5 kg 
water per kg feed which would represent approximately 2% addition to air 
dry feed. For the four-week trial period post-weaning, treatments did 
not significantly effect efficiencies of feed conversion. Pigs fed cal- 
cium acrylate apparently found this compound unacceptable as feed intakes 


and growth rates were poorer (P< .05) than for controls. Pigs fed propionic 
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acid and calcium propionate in their diets had ADG and ADF similar to 

the controls. During an eight week period after treatments were with- 
drawn, no significant differences in performance and feed utilization 

were exhibited by any of the groups of pigs. The bacteriological study 
indicated that all compounds used were effective in controlling haemolytic 
E. coli and reducing counts of non-haemolytic E. coli in the gut during 
the treatment period. 

In summary, acetic, butyric and propionic acids are commonly found 
at low levels in the gut of the pig and may contribute toward maintenance 
and other energy requirement. Short chain fatty acids from the diet are 
absorbed and rapidly metabolized. Addition of up to 8% of VFA in the 
diet of growing-finishing pigs does not appear to adversely effect per- 
formance or carcass characteristics of the pig. 

VFA preservation of high moisture grain is a relatively new method 
of storing "wet" grain. VFA including acetic, propionic and formic acids 
have been used as preservatives for damp grain in Great Britain where 
damp grain is a continuing problem and more recently has become of inter- 
est in North America. Addition of VFA, singly or in mixtures, to moist 
grain lowers the pH to approximately pH 4 and effectively suppresses 
microbial growth (Holden, 1972). Rates of VFA application commonly 
range between 1.5 and 0.8% by weight of the DM content of the grain. 
Rates of application depend on moisture content of the grain and desired 
length of storage. VFA-treated high moisture grain can be safely stored 
under normal conditions even after milling or rolling. Some feed refus- 
als due to acid treatment have been noted (Collier, 1969) when cattle 
were fed "freshly" treated grain. This has been attributed to the acrid 


odor of freshly treated grain, especially when propionic acid is used, 
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The odor disappears within a few days after treatment. 

Effects on ADG, F/G and ADF 

Livingstone et al. (1971) conducted an experiment comparing the 
performance of 30 kg pigs fed diets based on dried barley (14% m.c.), 
propionic acid-treated barley (24% m.c.) and high moisture untreated 
barley (29% m.c.). Propionic acid was added to the high moisture barley 
at the rate of 1.3% by weight. Over the eleven week trial, pigs fed the 
dried barley diet had ADG and F/G similar to the pigs fed the acid treated 
barley while those fed the moist hermetically stored barley grew more 
Slowly (P< .01) and converted feed less efficiently (P< .01) than those 
fed the other two diets. Microbiological studies demonstrated the 
ability of the propionic acid to suppress microbial growth. There was 
no significant development of bacteria or fungi on the acid-treated 
barley which was in contrast to the substantial microbial growth on the 
dried and moist untreated barley. Bacterial numbers isolated from the 
dried and moist barley were similar; however, the numbers of fungi were 
always at least 500 times higher for the moist untreated barley than 
for the corresponding sample of dried barley. A similar trial compared 
diets compounded with dried barley (14% m.c.), acid-treated high moisture 
barley (17% m.c.) and hermetically stored high moisture barley (19% m.c.). 
When the barley was milled, the acid-treated grain diets gave ADG and 
F/G similar to the dried barley. Rolling of the high moisture barley, 
treated and untreated with acid, significantly reduced ADG and F/G 
(P<.001) during the growing, finishing and overall periods. There 
were no significant differences as measured by these parameters between 
pigs fed acid treated and hermetically stored high moisture rolled barley. 


Perez-Aleman et al. (1971) conducted an experiment comparing convention- 
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ally dried barley and high moisture barley treated with 1.3% of an acid 
mixture (70% formic: 30% propionic). The high moisture grain was 26 

to 28% moisture content at harvest. Acid treatment did not significantly 
effect feed consumption on an'as fed' or a DM basis; however, F/G was 
better (P< .01) for pigs fed dried barley on an ‘as fed' basis. This 
difference was eliminated when F/G was equated on a DM basis. Growth 
rates of the pigs were not significantly different. When the diets 
compounded with these grains were fed on a restricted equal DM basis 
there were no significant differences in terms of ADG or F/G (on a DM 
basis) between the groups. 

Comparisons of diets compounded with dried grains and acid-treated 
dried grains other than barley or wheat have been conducted by several 
workers. Workers at Texas A & M University as cited by Holden (1972) 
compared sorghum-based diets in which the sorghum was dried, and treated 
with 0.4% of a VFA eee (60% acetic: 40% propionic acids), and high 
moisture sorghum (24 to 36% m.c.), part treated with 3.4% weight percent 
of the acid mixture and part hermetically stored. There were no signifi- 
cant differences between the pigs on the four treatments with regard 
to DM feed intake, F/G or ADG. Similar trials with corn-based diets 
have been conducted by Young et al. (1970). High moisture content corn 
(26% m.c.) stored in a plastic lined silo and some treated with 1.5 
weight percent propionic acid were compared with artificially dried 
corn, part of which had been treated with 1.5 weight percent propionic 
acid. ‘Inthe first’ trial 22 kg pigs were fed the four diets for an 
eight week period. During the period DM feed intakes, ADG and F/G were 
not affected by moisture content or acid treatment. However, signifi- 


cant interactions between moisture content and acid treatment did occur. 
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The addition of acid to dried corn decreased (P< .05) DM feed consumption 
and addition of acid to moist corn increased (P< .05) DM feed consumption 
without significantly affecting F/G or ADG. In a subsequent 9 week trial 
using these diets for 27 kg pigs, moisture content did not affect ADG or 
DM intake. Addition of acid significantly increased ADG (P<.05) but did 
not affect ADF. The pigs fed dried untreated corn required more feed 

per unit of gain (P< .05) than any of the other treatment groups which 
were not different. Jones et al. (1970) compared diets containing ensil- 
ed corn and propionic acid treated corn (1.5 weight percent) at a moisture 
content of approximately 31%. The diets were fed ad libitum to 26 kg pigs 
for an eight week period. No mould colonies were found in acid treated 
corn but 1200 colonies per g were isolated from the ensiled corn. Pigs 
fed the acid-treated corn grew 11.1% more rapidly (P<.01) than those fed 
ensiled corn. Although not significantly ueeerones the pigs fed acid 
treated corn consumed 4.2% more feed with 6.1% better F/G than those 

pigs fed ensiled corn. 

In all studies cited in this manuscript, acid-treated high moisture 
content grain was stored under aerobic conditions. There were no reports 
of adverse effects on the general health of pigs attributed to acid 
treatment of grain used in the diets. Volatile fatty acids are effect- 
ive preservatives for high moisture feed grains. The evidence suggests 
that growth rates and efficiences of feed conversion are similar for VFA 
treated high moisture grains compared with conventionally dried grains. 

Digestibilities of energy and nitrogen 

Work cited by Holden (1972) reported that the apparent digestibility 
coefficients of gross energy and protein were not significantly affected 


by treatment with an acid mixture (3.4 weight percent of 60% acetic: 40% 
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propionic acids on high moisture sorghum and 0.4 weight percent dry 
sorghum); however, the apparent digestibility coefficients were signifi- 
cantly greater (P< .05) for high moisture grain than for dry grain. 
Cole et al. (1970) found no significant differences between dried barley, 
propionic acid treated high moisture barley and hermetically stored high 
moisture barley in DM, energy and N digestibility coefficients. In con- 
trast to these findings, Livingstone et al. (1971) found that propionic 
acid treated high moisture barley was less well digested in terms of 
percent dry matter (P<.05) and percent N (P< .01) than artificially 
dried barley. Moist hermetically stored barley was intermediate between 
dried and acid treated moist barley for these two digestibility measures. 

Carcass characteristics 

With pigs fed at a restricted level, overall carcass composition, 
measured by carcass specific gravity, was not significantly different 
when barley diets which were artifically dried or VFA treated high 
moisture content barley were fed (Perez-Aleman et al., 1971; Livingstone 
et al., 1971). Pigs fed ad libitum (Perez-Aleman et al., 1971) on dried 
barley diets were fatter (P< .01) than pigs fed acid treated high moist- 
ure barley. In this case,the acid was a mixture of 70% formic: 30% 
acetic acias., A large proportion of the carcasses of pigs fed barley 
treated with this mixture showed brown to yellow fat discoloration. 
Dressing percentage and carcass length were not affected by feeding VFA 
treated high moisture barley (Cole et al., 1970; Perez-Aleman et al., 
1971). Addition of 4% of a VFA mixture to pig diets based on dry in- 
gredients has been shown not to affect dressing percentage, grade index, 
loin eye area, percent lean in ham face or backfat thickness (Bowland 


et al., 1971). Ad libitum fed pigs given VFA treated high moisture 
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barley had decreased shoulder (<.01), mid-back (P< .01) and loin fat 
(P< .05) thickness compared with those fed low moisture barley. Pigs 
fed at a restricted level gave no significant differences for these 
measures (Perez-Aleman, 1971). Differences in shoulder and loin fat 
thickness have been shown to be non significantly different when high 
moisture VFA treated barley was compared with dry barley fed at equal 
DM intakes (Cole et al., 1970). 

The evidence suggests that no large differences in carcass compos- 
ition result from use of grains which have been preserved with VFA. With 
certain mixtures of VFA, carcass fat may be discolored. This is probably 


associated with formic acid. 
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EXPERIMENTAL PROCEDURES 
Objectives 
This experiment was designed to compare the performance and carcass 
characteristics of growing and finishing pigs when they were fed diets 
based on wheat or barley of low moisture content, low moisture content 
with added volatile fatty acids or high moisture content preserved with 
volatile fatty acids. 


Methods and procedures 


Introduction 

The experiment was begun on December 9, 1971, and terminated when 
the last pig was marketed on June 27, 1972. The entire experiment was 
conducted at The University of Alberta Research Station, Edmonton, Alberta. 

Experimental diets 

Formulation and composition of the experimental diets are given in 
Table 1. Analyses for moisture and protein contents of the cereal grains 
werecarried out prior to formulation and are summarized in Table 2. The 
barleys with the two moisture levels were from the same field as were 
the two wheats. 

The experimental diets were mixed and bagged at The University of 
Alberta Research Station, Edmonton, Alberta. The first mix was done at 
the elevator on December 9, 1971 and a second mix at the feed mill on 
January 27, 1972.. All of the diets were stored in the barn where they 
were fed. It was noted that at the time of the second mix, the high 
moisture barley froze in the storage bin. Diets containing the same 
levels of ingredients on the basis of formulation were fed to the pigs 


from the time of allotment until slaughter. 
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Experimental design 

A. Growth studies and carcass evaluation 

The experiment donseeeeale two replicates, both begun on 
December 9, 1971. All pigs were weaned at three weeks of age and were 
kept on a standard diet until allotment. Prior to weaning, all pigs 
were treated in the manner described by Grimson (1969). The pigs were 
of mixed breeding (Landrace x Lacombe-Yorkshire, Landrace x Hampshire- 
Yorkshire, Landrace x Yorkshire, Hampshire x Hampshire-Yorkshire or 
Hampshire x Lacombe-Yorkshire). Replicate 1 consisted of 12 gilts and 
12 barrows at an average initial weight of 8.9 kg and average age of 
37.2 days. Replicate 2 consisted of 12 gilts and 12 barrows at an 
average initial weight of 17.0 kg and average age of 55.7 days. After 
allotment, the pigs were self-fed with two pigs of the same sex in each 
of twenty-four pens measuring 0.62 m by 1.23 m. 

Pigs were fed the six diets as outlined in Table 1 for seven weeks 
during the starting period, after which time both replicates were moved 
Pocaitrerene tacilities., replicate 1 totbarn F=16 and replicate 2 to 
barn F-15. When the pigs were moved to these facilities, two gilts and 
two barrows were alloted to each pen and self-fed until slaughter. The 
pens measured approximately 1.83 m x 4.42 m. The two pigs of the same 
sex had been penmates during the starting period. The barns were 
maintained at approximately 21°C throughout the experiment. 

Feed consumption and liveweight gain were determined on a weekly 


basis. Feed consumption was then corrected to a dry matter basis (see 


Metabolism Trials i. feed). Weight gain and efficiency of feed conversion 


were calculated from these data. Individual pigs were marketed for 


slaughter following the weekly weigh day on which they reached 90 kg 
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Table l. 


Formulation and composition of experimental diets 


Diet zi 
Cereal 


Moisture level 
(grain) % 
Calculated protein 
(% DM) 
Calculated lysine 
(% diet DM)2 
Calculated methionine 3 
& cystine (% diet DM) 


Ingredients 


Soybean meal (44%) 


Iodized salt 
Calcium phosphate 
Ground limestone 


2 


Barley 


24 


4 

8 

5 

Zine sulphate 0 
Trace mineral mix is 
1 

0 

+ 

+ 

0 
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Vitamin B mix 

Vitamin By mix® 
Vitamin A mix7 
Vitamin D> mix8 
Vitamin E (Myvamix 20) 
Chemstorl0 


] 
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Total 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 


_ 


Diets 1, 2, 4 and 5 contain low moisture, coarsely ground grains and diets 3 and 6 
contain high moisture, coarsely ground grains (Table 2). 


4 Calculated using values from NRC Feed Composition Tables, 1969 for Canada #1 feed 
barley, hard red spring wheat and 44% SM. 


; Calculated from values obtained from. Commerical Solvents Corporation Feed Ingred- 
ient Analysis Table, 1973. 


‘ Supplies the following per metric ton of mixed feed: 2.33 g cobalt carbonate, 
24.77 g copper sulphate, 1.32 g ethylene diamine dehydroiodide, 237.6 g ferrous 
carbonate, 48.27 g manganous oxide, 2.99 g zinc oxide and 66.84 g limestone. 


5 Supplies the following per metric tone: 4.44g riboflavin, 8.89 g calcium panto- 
thenate, 20-2 niacing 22.26) 2 choline, chlormde. and 0266, oNtolic acid: 


Supplies 9.90 mg of vitamin Bio per metric ton of mixed feed. 
Supplies 4,400,000 I.U. vitamin A per metric ton of mixed feed. 
Supplies 550,000 I.U. vitamin D, per metric ton of mixed feed. 


Supplies 11,000 I.U. vitamin E (&- tocopherol) in diets 1, 2, 4 and 5 and 9,900 
I.U. in diets 3 and 6 per metric ton of mixed feed. 


wo won oO 


10< upplies 1.5% and 1.0% in diets 3 and 6 respectively on a dry matter basis (of the 
“grain fraction) of "Chemstor" (2/3 acetic, 1/3 propionic acid mixture). Chemcell Ltd. 


Edmonton, Alberta. 
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liveweight, except that, in each pen the last pig was marketed following 
the weekly weigh day on which it reached 85 kg liveweight. All pigs were 
Slaughtered at Swift Canadian Ltd. plant in Edmonton, Alberta. Standard 
Canadian Carcass Valuation, commonly termed grade index, was determined 
on each carcass. The formula for Carcass Valuation involves the use of 
total back fat (maximum shoulder fat and maximum loin fat) and warm 
carcass weight (Canada Department of Agriculture, 1968). Canadian 
Record of Performance for swine (R.O.P.) measurements*and index as 
described by Bowland et al. (1971) were determined on all carcasses. A 
sample of back fat was taken from just under the skin (outer back fat) 
on the right shoulder adjacent to the midline from each pig at the time 
the R.O.P. measures were taken. Each back fat sample was placed ina 
plastic bag, sealed and stored in a frozen condition until analysed for 
the major constituent fatty acids. 

B. Metabolism trials 

Metabolism studies were initiated to determine the effects of the 
different dietary treatments on energy utilization, nitrogen digesti- 
bility and retention. 

Twenty-four pigs were selected on the basis of treatment and weight 
on December 30, 1971. Since there were six dietary treatments in the 
experiment, there were four pigs per treatment, two gilts and two barrows. 
Six of the eight available metabolism cages were used in the four trials 
conducted. The cages measured 0.38 m by 1.23 m. The room temperature 
was approximately 21°C. The trials were conducted on the following dates: 

December 31, 1971 - January 6, 1972 
January 7, 1972 - January 13, 1972 


January 14, 1972 - January 30, 1972 
January 21, 1972 - January 27, 1972 
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Selection and allotment of pigswere such that average weights were 
Similar; that is, the heavier pigs were used in the first two trials and 
the lighter pigs in the last two. The pigs used had an average age of 
80.6 days and average weight of 24.7 kg. 

During the trials, the selected pigs were placed in the metabolism 
cages for a three day period so they could become accustomed to the cages 
before fecal and urinary collections were started. On the morning of the 
fourth day, the pigs were removed from the cages and weighed. The cages 
were thoroughly cleaned with water and the pigs returned. Total urinary 
and fecal collections were made for the next three days, after which the 
pigs were removed from the cages, weighed and returned to their respective 
pens. 

During the metabolism trials, records and collection procedures 
were as follows: 

i. ee eeed 

Pigs were fed their respective diets in three equal quantities at 
7:30 a.m., 12:00 noon, and 5:30 p.m. during the adjustment and collection 
periods. In these trials the pigs were fed at a level of 85% of the 
average daily feed consumed by each pig in the week preceding the 
metabolism trial. All feed offered was consumed. Feed was analysed 
separately for each metabolism trial. Approximately 500 g samples were 
taken on the morning of the first day of the collection period, placed 
in plastic bagsand sealed. For the purposes of energy and nitrogen 
determinations, the samples were ground with a laboratory mili? through 
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a 02 screen. Dry matter content of each diet (for the purpose of 
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determining feed intake) was calculated based on dry matter values for 
cereals summarized in Table 2 and dry matter values of the other 
ingredients in the diets reported in the NRC-NAS United States-Canadian 
Tables of Feed Composition (1969). A dry matter of 100% was assumed for the 
dry matter value of individual minerals and vitamins. Dry matter content 
of the feed samples were determined at the time gross energy analyses 
weredone. Gross energy analyses were on duplicate 1.0 g samples of 
air-dry feed and these values corrected to a dry matter basis. 
Approximately 2.0 g samples of feed were analysed for gross N on the 
same day samples were taken (see methods of chemical analyses). 
Li-—Feees | 

Feces were collected each morning during the trial. Each day's 
collection was placed in a labelled plastic bag and stored at 3°C. At 
the end of each trial, the total feces collected for each pig were 
thoroughly mixed, weighed and one sample of approximately 600 g was 
taken. The samples were placed in an aluminum tray for air-dry matter 
determination by placing them in a forced air oven? atecUsG 70r 
72 hours, removed and allowed to equilibrate to an air-dry basis for 
24 hours. These samples were then ground through a size 8 C and N 
Laboratory mill with a 2 mm mesh screen, placed in labelled plastic 
bags and sealed. Gross nitrogen determinations were carried out on these 
samples. Gross energy determinations were done on these samples and 
these values corrected to dry matter content. Dry matter determinations 


were carried out at the time gross energy was determined (see method of 


chemical analyses). 


lpespatch Oven Co., Minneapolis, Minn., U.S.A. 


“Christe and Norris Ltd., Chelmsford, England. 
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Table 2, Mean moisture and protein contents of the cereal grains 


Cereal grain Moisture 
% 

High moisture barley Pa eS: 
Low moisture barley l4o2 
High moisture wheat 1979 
Low moisture wheat — 142.2 

t As fed basis 

2 


DM - dry matter 


Based on average analysis of these 


eeatein 


laboratories: 


Protein (DM) 


1621 


Chemcell Ltd. 


Edmonton, Alberta; L. Milligan and J. McCarthy, University of 


Alberta 


iii. Urine 
Urine collections were made at the same time as the feces were 
collected. Volume was measured and aliquots were placed in jars, 


sealed and stored at 3°C so that a total volume of approximately 1000 ml 


an 


was collected over the three day collection period. Nitrogen content was 


determined on duplicate 5 ml samples of non-dried urine. Gross energy 
determinations were made in duplicate on 1.0 g samples of freeze-dried 
urine (see methods of chemical analyses). 

Methods of chemical analyses 

A. Dry matter 

The dry matter content of the feed and feces were determined by 
placing duplicate 3.0 g samples of respective materials in a forced air 
oven! for 24 hours at 110°C. The samples were then placed in a 
desiccator to cool, reweighed, and dry matter calculated by weight 
difference. Dry matter determinations for the urine was carried out 
by placing approximately 200 g samples of urine in weighed aluminum 
trays which were then placed in a freezer eee for 48 hours, removed, 
reweighed and dry matter content calculated.. 

B. Gross energies and nitrogens 

Gross energies of feed, feces and urine were determined using a 
Parr Oxygen Bomb Calorimeter’. Gross nitrogen values for feed, feces 
and urine were determined by the Kjeldahl Method (AOAC, 1965). A 


commercial Kel-Pak* was used in the digestion. Ammonia was collected 


lpespatch Oven Co., Minneapolis, Minn., U.S.A. 


-Repp Sublimator, Model SRC 42, Division of Virtus Co. Inc., Gardener, 
N.Y 12575 eS A. 


parr Instrument Co.,- Moline, I11., U.S.A. 


4cupplies Hy0, KyS04 and CuS0,, Matheson Scientific, East Rutherford, NJ. 
UL SsA. 
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into 50 ml of boric acid and titrated directly with standard sulfuric 
acid. 

C. Lipid analyses 

i. Extraction 

The fat samples were extracted by the method SeBES Teh Stra 957). 
A 1.0 g sample was homogenized with 20 ml of CHC1.:CHOH (230) on a 
Weyrus 23" homogenizer?. The homogenizing vessel was surrounded by ice. 

11. .Preparation of methyl esters 

Methyl esters were prepared from the extracted lipids by trans- 
esterification by a slight modification of the method of Morrison and 
Smith (1964) for triglycerides. N-pentane replaced benzene in this 
method. The lipid extracts were first filtered through anhydrous 
Na,S0, to remove any water, the solvent removed under N, in a hot water 
bath and approximately 50 mg of the lipid so obtained transferred to a 
150 x 25 mm screw cap culture tube? to methanolysis. 

iii. Gas-liquid chromatography 

Each sample of methyl ester was chromatogrammed singly using an 
Aerograph Model 600-D chromatograph” equipped with a flame ionization 
detector. Separation of the methyl esters was achieved on a 275 cm x 
0.3 cm aluminum column packed with 6% Sota ee er. on 80-100 mesh 
chromasorb W. The following isothermal conditions prevailed: column 


temperature 225°C, injector temperature 255°C, helium flow rate 100 ml 


per minute. 


lvirtus Us wYONKCTS, Nal «gullies ase 

-cat. No. 9826, Corning Glassworks. Fisher Scientific, Edmonton. 

Varian Areograph, 2700 Mitchell Drive, Walnut Creek, Calif. 94598, U.S.A. 
4 applied Scientific Laboratories, 11135 Inglewocd Avenue, Inglewood, 
California, 90304, U.S.A. 
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iv. Identification of acids 
Individual fatty acids were identified by comparing their retention 
times with the retention times of pure fatty acid methyl esters. The 
following fatty acids were identified: 14:0, 16:1, 18:0, 18:1, 18:2, 
Lae BOs de Several other minor components were present; however, these 
Moree nGteldentitied 9 The acidswld4-0. 116-70, 16:1;,. 18:0, 18:1 and: 18:2 
taken together accounted for more than 96% of the fatty acids measured 
in the samples. 
v. Methods of calculation 
a. ._,Peak areas 
Peak areas were obtained with the aid of an electric integrator? 
attached to the recorder’. 
b. Percent composition 
Correction factors for detector response were obtained by chroma- 
togramming each day, a standard sample of known weight percent composition 
which approximated the composition of porcine depot fat. All correction 
factors as obtained for a given acid were averaged and applied to 
chromatograms run on the column to arrive at corrected peak areas. The 
corrected areas were totaled and the areas of individual acids expressed 


as a percentage of the total to arrive at weight percent composition. 


114:0 myristic acid; 16:0 palmitic acid; 16:1 palmitoleic acid; 18:0 stearic 
acid: 18 sL oleic acid; 18:2 lanolenveacid: 18-5 lanolen.C acia:s 2a.) 
gadoleic acid 

evi dar Digital Integrator, Model 6300-2, Autolab Inc., 77 Ortega Ave., 
Montain view, California, 94040, U.S.A. 


iz 
~Microcord Model 44. Photovolt Corp. 1115 Broadway, New York, N.Y., 
10010, U.S.A. 
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Methods of statistical analysis 

All data were analysed uSing an APL program for analysis of variance 
developed by the Department of Computing Science (Smillie, 1969), The 
University of Alberta, Edmonton. Significant differences between three 
or more means were tested by application of Duncan's New Multiple 
Range Test (Steel and Torrie, 1960). 

Growth and carcass data were analysed as a 2x3x2 factorial experiment 
with two replicates involving two cereals, three treatments and two sexes. 
The replicates were confounded with the initial liveweights of the pigs 
at the time of allotment. A composite error term was used in the analysis 
of all feed data. For the starting period, replicates and all interactions 
with replicates were used to calculate the error term. Preliminary 
testing, using the feed data from the growing-finishing period, showed 
that interactions with replicates were not statistically significant; 
therefore, all two-way and higher interactions with replicates were used 
to compute this error term. A composite error term was used so that the 
error uegrees OL freedom would not be reduced by too large a percentage 
and important differences overlooked. The data collected from the 
metabolism trials were analysed as 2x3x2 factorial involving two cereals, 
three treatments and two sexes. 

Standard symbols were used to denote levels of statistical 
significance; that is, * was used to denote significance at the P<.05 
level and ** was used to denote significance at the P<.01 level. These 
symbols appearing in the tables refer to significance within columns. 
Where more than two means are compared, means with the same letters as 
superscipts are not Significantlydifferent at the levels indicated. Three- 
way and higher order interactions are often not explainable and are usually of 


questionable biological value and are therefore not discussed. 
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RESULTS AND DISCUSSION 

Average daily feed intake (ADF) 

Factor means for ADF are reported in Table 3. Cereal source had a 
Significant effect on ADF during the growing-finishing (P< .01) and 
Overall periods (P< .01). Pigs fed barley ate more than did pigs fed 
wheat during these periods. Feed consumptions were not significantly 
different during the starting period for the pigs fed wheat and barley. 

Cole et al. (1969) has demonstrated greater intakes of feed by 
barley-fed pigs compared with wheat-fed pigs during the growing-finishing 
and overall periods with no significant difference during the starting 
period. Greater feed consumption by barley-fed pigs compared with pigs 
fed wheat-based diets have also been reported by Lennon et al. (1972). 
The greater feed consumption of the barley-fed pigs in the experiment 
reported herein and in other experiments may be a reflection of the 
tendency of the pig to eat to meet an energy requirement. 

There were no significant differences in ADF due to treatment (LM, 
LMA and HMA) during any period or for the overall experiment. There were 
no significant replicate effects in feed consumption although the heavier 
pigs at allotment in replicate 2 consumed 0.45 kg more feed per day 
during the starting period than was consumed by the lighter pigs in 
replicate 1. Sex of the pigs had no significant effect on ADF during 
the starting period, which was the only period where sexes were separated 
in different groups. Other studies reported in the literature have not 
compared sexes. 

Treatment of high moisture barley with a VFA mixture did not 
significantly effect feed consumption when compared with dry barley 


(Perez-Aleman et al., 1971). Treatment of dry and high moisture sorghum 
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Table 3. Means for average daily feed (ADF)+ 
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ADF (kg/day) 


Factor Starter Grower/Finisher Overall 
Cereal source 
Oe me 

Barley 1.41 eae) 2.14 
Wheat eos 21S 1.85 

2 
Treatment 
LM 1.46 ooo 2.09 
LMA 5 sige We 2208 
HMA LZ 22d 1.89 
Replicate 
1 1.43 ae oo 1.91 
2 1.60 2.49 2.08 
Sex? 
F Too --- --- 
M 1.40 --- --- 
: Based on calculated DM intake 
LM = low moisture; LMA low moisture, acid treated; HMA = high moisture, 

acid treated. 

3 


F = females (gilts); M = males (barrows). 
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with a VFA mixture did not significantly effect ADF when compared with 
dry and high moisture untreated sorghum in work cited by Holden (1972). 

Average daily gain (ADG) 

Means for ADG appear in Table 4. Growth rates were significantly 
affected by cereal source. The barley diets supported a faster (P< .01) 
rate of growth than did wheat diets during each of the periods and for 
the overall experiment. The calculated lysinecontents (Table 1) of the 
wheat diets are well below those suggested as minimum requirements in 
NRC "Nutrient Requirements of Swine" (1968) for a 20 to 35 kg pig. The 
apparent deficiency of this amino acid in the wheat diets could account 
for the slower growth rates of pigs fed these diets during the starting 
period; however, the lysine contents of the diets approach closely the 
recommended levels for the finishing pig. Therefore, this amino acid 
would probably not be limiting during the growing-finishing period. The 
methionine plus cystine levels (Table 1) were similar for the wheat and 
barley diets and approached very closely the suggested NRC requirements 
for methionine for the 20 to 35 kg pig. As both diets contained approxi- 
mately equivalent levels of these amino acids, it is unlikely that the 
inferiority of the wheat diets in supporting rates of gain could be 
attributed to levels of the sulfur-containing amino acids. There is no 
apparent explanation for the observed slower growth rates of the wheat- 
fed pigs in the growing-finishing period and the overall experiment. 
Cole et al. (1969) have demonstrated faster growth rates during the 
starting and overall periods for barley-fed pigs as compared with wheat- 
fed pigs in one of four trials. In general growth rates were not 
different between pigs fed these two cereals from weaning to market 


weight which is in agreement with Lawrence (1968, 1970) and Lennon et al. (1972) 
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Table 4. Means for average daily gain (ADG) 


ADG (kg/day) 


Factor Starter Grower/Finisher Overall 


Cereal source 
ee Ke te 6% 


Barley 0.51 0.84 0220 
Wheat 0.41 0267, 6 are 8 
Treatment 
LM 0.48 0.78 0.66 
LMA 0.46 Oe75 U.02 
HMA 0.44 O75 0262 
Replicate 

ee oe shee cs 
1 0337 0.70 0.58 
2 0.54 0.80 0.69 
Sex 

Sa kG Fen ¥ * ok 
F 0.43 0.70 0.60 
M 0.49 0.81 0.67 
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but contrary to the findings of Gill et al. (1966) who found superior 
growth rates for wheat-fed pigs. 

There was no significant effect on ADG due to moisture level and 
VFA treatment. Replicates and sex had significant effects on ADG. The 
pigs of replicate 2 gained at a faster rate (P< .01) during each of the 
periods and for the overall experiment. The faster growth-rates of the 
pigs of replicate 2 during the starting period may be in part due to 
their higher average initial weight at allotment; however, no reason 
can be advanced for the superior ADG during the growing-finishing and 
overall periods. The barrows gained at a faster rate (P<.01) during 
each period and overall. It is usual for barrows when fed ad libitum 
to gain more rapidly than gilts (Bowland, 1966). 

VFA treatment of high moisture barley has been shown not to affect 
ADG of pigs when compared with dry untreated barley (Perez-Aleman et al., 
1971, Cole et al., 1970 and Livingstone et al., 1971). Treatment of 
sorghum with a VFA mixture did not significantly effect ADG of pigs when 
the mixture was added to both dry and high moisture sorghum as compared 
with untreated dry and high moisture sorghum in work cited by Holden (1972). 
Similar results have been reported by Young et al. (1970) for propionic 
acid treated corn; however, in one of these two trials, acid treatment 
significantly increased ADG irrespective of moisture content of the corn. 

There were significant interactions involving ADG (Table 5). The 
VFA treatment of wheat diets depressed ADG (P< .05) when compared with 
the other cereal x treatment combinations during the growing-finishing 
period. Of the four remaining diets,HMAB produced significantly better 
(P <.05) ADG than LMW and LMB with LMAB being intermediate and not 


significantly different from any of these diets. It would, therefore, appear 
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Table 5. Means for ADG (kg/day) where significant interactions occurred 


ADG growing-finishing ADG growing-finishing ADG overall 

period period period 

: s * 

MB 0.814 RF? 670 RF 0.56" 
LMAB 0.342 RF 01 75° RF 0.63” 
HMAB 0.87? RM Oe71- RM 060°" 
LMW 0.75° RM o.89> RM 0.746 
LMAW 0.62° 
HMAW 0.63° 
1 


LMB = low moisture barley, LMAB = low moisture acid treated barley, 
HMAB = high moisture acid-treated barley, LMW = low moisture wheat, 
LMAW = low moisture acid-treated wheat, HMAW = high moisture acid- 
treated wheat. 

R,F = replicate 1 x female, R5F = replicate 2 x female, 


1 


RUM aexveplicate 1° x male; ROM replicate 27x male. 


| 
i} 


that the VFA treatment of wheat depresses rates of gain while the VFA 
treatment of HMB increased rates of gain when compared with untreated 
dry grain. 

Replicate x sex interactions (Table 5) were noted for ADG during 
the growing-finishing and overall periods. The barrows of replicate 
2 gained at a faster rate (P< .05) than did the gilts during the 
growing-finishing and the overall periods. Differences in ADG during 
the growing-finishing period for the remaining replicate x sex 
combinations were not significant. However, during the overall period 
the gilts of replicate 2 gained at a faster rate (P< .05) than replicate 
1 gilts with replicate 1 barrows being intermediate and not significant- 
ly different from these two. There is no evident explanation for these 
Yeplicate x sex interactions. 

Feed conversion efficiency (F/G) 

Factor means for efficiency of feed conversion are tabulated in 
Table 6. Cereal source had a significant effect on F/G. Barley-fed 
pigs converted feed to liveweight gain more efficiently than wheat-fed 
pigs during the starting period (P<.01) and overall period (P< .01) with 
no significant difference during the growing-finishing period. The 
superiority of barley during the starting period might have been the 
result of a lysine deficiency in the wheat diets. The reasons for the 
superiority of barley during the overall period are not apparent. 
Lawrence (1968) has reported significantly better F/G during the starting 
period for barley-fed pigs compared with those fed wheat; however, the 
F/G of the barley and wheat-fed pigs were not significantly different in 
later stages of growth. In similar studies, Newman et al. (1966) found 


no significant difference in F/G during the starting and overall periods 
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Table 6. Means for efficiency of feed conversion? 
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Factor 


Cereal source 


Barley 
Wheat 


Treatment 
LM 


LMA 
HMA 


Replicate 


Feed conversion (kg feed/kg gain) 


Starter 


* * 


ie) 
<e) 
S 


Based on calculated DM intake 


Grower/Finisher 
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with greater F/G during the finishing period for pigs fed wheat. 
Lawrence (1970) found no significant differences in F/G between these 
cereals during the starting, finishing and overall periods while Gill 
et al. (1966), Lennon et al. (1972) and Crampton and Ashton (1945) 
found that wheat produced more efficient gains on a unit weight of feed 
basis than was produced by barley. 

Treatments had a significant effect on F/G during the growing- 
finishing period. Pigs fed HMA diets converted feed more efficiently 
(> .05) than did pigs on LM and LMA diets which did not differ in 
efficiency of feed conversion. Replicate had a significant effect on 
F/G during the growing-finishing and overall periods. The pigs of 
replicate 2 converted feed to liveweight gain more efficiently during 
pane growing-tinishing. period (P_...05).and.overall.(P...01)..~There is 
no apparent explanation for the superiority of one replicate over 
another in terms of F/G. Sex had no effect on F/G during the starting 
period when this effect could be measured. 

Treatment of dry and high moisture sorghum with a VFA mixture had 
no significant effect on F/G in pigs when compared with untreated dry 
and high moisture sorghum in work cited by Holden (1972). VFA treatment 
of high moisture barley has been shown not to significantly effect F/G 
when compared with dry untreated barley (Cole ae al., 1970; Livingstone 
et al., 1971 and Perez-Aleman et al., 1971). Young et al. (1970) has 
reported superior F/G of high moisture corn and high moisture corn treated 
with propionic acid compared with dry untreated corn. 

Carcass characteristics 


Factor means for slaughter age and carcass data are tabulated in 
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Table 7. Cereal source had a significant effect on several carcass 
measurements. Barley-fed pigs were of younger (P<.01) age at market 
weight which is directly associated with significantly greater ADG 
demonstrated by these pigs compared with those fed wheat. Barley-fed 

pigs had a lower dressing percentage (P< .01), greater loin areas 
(P<.01), a larger percentage of ham in the carcass (P< .01) and higher 
R.O.P. (P< .01) and grade (P<.05) indices, all of which are indicative 

of leaner carcasses. Cereal source did not significantly affect the 

other carcass measures. Hollis and Palmer (1971) and Cole et al. (1969) 
have reported lower dressing percentages for barley-fed pigs compared with 
wheat-fed pigs. Other workers have also noted a lower percentage of ham 
in the carcasses of wheat-fed pigs (Hollis and Palmer, 1971) as well as 
lower grades (Crampton and Ashton, 1945). Total back fat was not affected 
by cereal source which is in agreement with Gill et al. (1966) and 
Lawrence (1970). | 

Treatments had no significant effects on carcass measurements; however, 
Slaugnter ages of the pigs on LM diets were less (P< .01) than those on 
LMA and HMA diets. LMA and HMA slaughter ages were not sind ficantly 
different. These differences in slaughter age are associated with the 
non-significantly slower growth rates of the LMA and HMA fed pigs compared 
with the LM pigs. 

High moisture barley has been shown not to affect average back fat 
thickness and loin eye area (Livingstone and Livingston, 1970) or gross 
carcass composition as measured by specific gravity (Livingstone and 
Livingston, 1970; Forbes et al., 1964). Addition of 2% to 12% of a VFA 
mixture to dry diets of pigs as well as addition of 4% of a VFA mixture 


to dry diets have been shown to have no significant effect on hot carcass 
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weight, dressing percentage, grade index, average back fat thickness, 
loin eye area and percent lean in the ham face (Bowland et al., 1971). 
VFA preservation of high moisture barley did not significantly effect 
gross carcass composition as measured by specific gravity in work 
reported by Livingstone et al. (1971). Cole et al. (1970) has reported 
no significant effectsof VFA preservation of high moisture barley on 
killing-out percentages, carcass length, shoulder and loin fat thickness 
and loin eye area. 

There were significant differences between replicates for several 
carcass measurements and slaughter age. Replicate 1 pigs reached market 
weight at an older age than did pigs of replicate 2. The pigs of replicate 
1 had heavier carcass weights (P< .01), greater dressing percentages 
hPe .01)Ymore total back faty(P< .05)} 7ismall loin areas~(P< .05) .and 
miter Oyek.O. parindices (P< OM)mito thosejin replicate 2. Pigs in 
feplicate i converted feed less efficiently than those in replicate 2 
which may be related to the differences in carcass measurements between 
the replicates. 

Sex of the pigs had a significant effect on carcass measures as well 
as Slaughter age. Barrows reached market weight at a younger average age 
Ute es Glts iad wless “total back tat «(P< .01), gréater loin eye areas 
(f 105). oelarger, percentacse Ot hamvin the carcass (P< .05) and better 
ReOsh ss te. OS) and Prade (P <.05) indices than barrows. The superior 
R.O.P. index and oe index ofisthé@gi its are indicative of the ability 
of gilts to produce leaner carcasses than barrows (Bowland, 1966). 
Slaughter age was affected by several interactions. (Table 8) LMAW 
and HMAW fed pigs were slaughtered at a similar age but both reached 


market weight at an older age (P< .05) than did pigs on the other 
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Table 8. Means for carcass data where significant interactions occurred 


Factor! Loin area Carcass weight Carcass length! 
sq. cm. kg. cm. 
* a * 
LMB ye bd LMF aes LMB 76.99? 
LMAB a IMM 74.97 IMAB_ 77.8, 
HMAB 28.50 IMAF 72.8, HMAB 76.2) 
LMW 24.8 IMAM 74.3 LMW 76.204, 
LMAW 92.4° HMAF 73.0) IMAW 77.17 
HMAW 24.6° HMAM 71.9 HMAW 78.2" 
3 1 4 
Carcass length Slaughter age Slaughter age 
cm. days days 
* * ** & 
RM pe LMB 161.976 R,B 164,42? 
RIM 76.5) 0 LMAB 161.9. R5B 158.20 
R,F 77.6. HMAB 160.1, RWW 203.5- 
RF 78.4 LMW 173.6) RoW 17276 
LMAW 191.2 
HMAW 199, 2° 


Slaughter age” 


days 
3 
BF 162.6, 
BM 160.0, 
WF 197.2. 
WM 178.8 
- Cereal x treatment LM, LMA, HMA x B, W LM = low moisture; 
4 Treatment x sex LM, LMA, HMA x F, M Mt eee mauecure 
acid; 
“ Replicaté x sex Ri> R, xeF ch HMA = high moisture 
acid; 
: Replicate x cereal Ry> R, x Boa B = barley; W = wheat 
5 F = female; M = male 
Cereal x sex B, Wx F, M 


R = replicate 
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cereal x treatment groups. Of the latter four groups, pigs on LMW diets 
reached market weight at an older age (P<.05) than did HMAB-fed pigs 
while LMAB and LMB pigs were intermediate and not of significantly 
different age at slaughter compared with HMAB and LMW-fed pigs. The 
R,W fed pigs reached market weight at an older age (P< .01) than did 
pigs on the other cereal x replicate groups. Of the remaining groups, 


pigs on R,W diets reached market weight at an older age (P< .01) than 


Z 
RB fed pigs with RB pigs being intermediate and not significantly 


2 
different from either. For the cereal x sex interactions, BF and BM 
groups reached market weight at an earlier age (P< .05) than did WM 
and WF groups. WM pigs reached market weight at an earlier age (P< .05) 
than did WF pigs. These differences in slaughter age may be explained 

in part by the differences in growth rates (Table 9), although differences 
in ADG for these interactions were not significant. 

Several significant interactions were noted for some carcass measures 
(Table 9). Loin areas of LMB and LMAB-fed pigs were significantly larger 
(P< .05) than the pigs on the other diets. Of the remaining four diets, 
HMAB-fed pigs had larger loin areas (P< .05) than the pigs fed any of the 
wheat x treatment combinations which were not significantly different. 

The reasons for the smaller loin area of HMAB diets compared with LMAB 
and LMB diets is not apparent. Bowland et al. (1971) have reported no 
significant effects on loin area due to VFA treatment of dry diets which 
is in agreement with the findings herein reported. Livingstone and 
Livingston (1970) have reported no significant differences in loin area 
between dry and high moisture barley diets. 

Carcass weights were affected by a treatment x sex interaction. 


Gilts fed LM diets had lighter carcass weights (P< .05) than did pigs 
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Table 9. Means for ADG for slaughter age interactions 


Factor ADG overall Factor ADG overall 
kg/day kg/day 
LMB 0.69 RB 0.66 
LMAB 0.69 RAB 0.74 
HMAB 0.69 RiW Ot St 
LMW 0.60 RoW 0.64 
LMAW 0.54 
HMAW O51 
Factor ADG overall 
kg/day 
BF 0.67 
BM Owr72 
WF OFS2Z 


WM 0.62 


SI RRR come 


of the other treatment x sex combinations. Carcass length was affected 
by cereal x treatment and replicate x sex interactions. HMAW-fed pigs 
had longer carcasses (P< .05) than did HMAB and LMW-fed pigs but were 
not different from LMB, LMAW and LMAB-fed pigs. All pigs except those 
fed HMAW diets were not significantly different for this measure. 

Fatty acid composition of back fat 

Means for fatty acid composition of the back fat appear in Tables 10 
and 11. Fatty acid composition of the back fat was affected by cereal 
source. Pig fed barley-fed diets produced carcasses with a larger 
Peoouret or Or 14° 0e(P<.0.1)/and) 18:2 (FP <..05) and Jess 18:1 (P<..01) in 
the back fat than wheat-fed pigs. The LM treatment had a higher 
proportion of 14:0 (P<.01) in the back fat compared with HMA treatment. 
For the LMA treatment, the proportion of this fatty acid was intermediate 
between the other two treatments. Replicate 1 pigs contained a smaller 
proportion of 15: 2-(P<.:01) and a larger proportion of 20:1 (P< .01) 
Hatty acids in their back fat*than did pigs of replicate 2. Sex also 
had an effect on fatty acid composition of the back fat. Gilts had a 
Barver proportion of £es2e(P < .01), 18:35 (P< .01) and 20:1 (P<.05) in 
their back fat than did barrows. 

The sums of the saturated fatty acids (14:0, 16:0, 18:0) (SFA) and 
the unsaturated fattyacids’ (621-38 345° 18 : 23! 1823, '202 1) (CURA): an. ‘the 
back fat were affected by cereal source. The barley-fed pigs had more 
(P< .05) SFA and concomitantly less UFA (P< .05) than did wheat-fed pigs. 
Treatment had no significant effect on the relative proportions of SFA 
and UFA. There were no differences due to replicate in SFA and UFA 
proportions. The sex of the pig affected the SFA and UFA proportions 


with gilts having less SFA (P< .01) and more UFA (P <.01) in the back fat. 
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Table 10. Means for percent fatty acid composition of outer backfat 


i 


Fatty Acids! 14:0 16:0 1674. 18:0 Lord 18:2 1833°9*2031 


Cereal Source 


vt Ok Pte a * 
Barley 3.0 4S 47/8. 10.0 * 47,0 ON7 eee es 2. 07 
Wheat a opine ad wie 10L0N" 49-2 Geta O14 8099 
Treatment 
e * 
LM 3 iby a579 SoCal 28 ATC Su ORS 0.8 
LMA 2.47 24.1 AnGe eo lo eased O°O'6 Ovays FO e7 
HMA a5 pas oeeeAlG 100. AS. 4e 922 Gi 0.8 
Replicate 
k eae 
1 2.6 ghee Wed S? 51000" P48r6 Ray fegkie dba Wasuee 
2 225 De St meA oa 1OkOme A ThGs) 31001 We © adthar: 
Sex 
ree Mes * Cl Ors og 
F as 25 2a RA, § gramme 4nes 821070 WA 
M 26 Deere 7 MUS16) 4749 eee” gale | Sei pey, 
1 


14:0 myristic acid; 16:0 palmitic acid; 16:1 palmitoleic acid; 18:0 
stearic acid: 18:1 oleie acid: 18:2 linoleic acid; 18:3 linolenic 


acid; 20:1 gadoléic acid. 
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Table 11. Means for sums of percent saturated and unsaturated fatty 


acids 
Fatty Acids Sun of saturated Sum of unsaturated 
14:0+16:0+18:0 16:14+18: 1+18:2+18:3+20:1 
Cereal Source 
* * 
Barley Dees 62.7 
Wheat 36.0 64.0 
Treatment 
LM of mae 62.8 
LMA BO O50 
HMA 2625. 63.5 
Replicate 
1 36.9 OSs. 
2 36.4 63.6 
Sex 
[aa * * kx 
F ioe pat 64.3 


M oi s0 62.4 
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There are little comparable data in the literature with which fatty acid 
composition of back fat can be compared. Lawrence (1970) found that 
barley-fed pigs contained similar amounts of UFA in the outer back fat 
compared with wheat-fed pigs at 55 kg liveweight. At 90 kg liveweight, 
however, barley-fed pigs had more UFA in their back fat than wheat-fed 
pigs. Bowland et al. (1971) have reported that pigs fed diets containing 
4% by weight of a VFA mixture had a greater proportion (P< .05) of 18:1 
fatty acid than did control pigs. The SFA and the major UFA (16:1+ 18:1+ 
18:2) were not affected by VFA treatment. 

Significant interactions involving fatty acids 14:0 and 18:2 were 
noted (Table 12). Pigs fed LMB diets had a greater proportion of 14:0 
in their back fat (P< .01) than those on the other cereal x treatment 
groups. Gilts fed LM diets contained more 14:0 (PZ .05) in their back 
fat than did gilts and barrows fed LMA and HMA diets or barrows fed LM 
diets. The proportion of 18:2 in the back fat was affected by cereal x 
replicate interactions. RB Diss had more ({P<..05) 18:20in the back fat 
than did pigs fed the other cereal x replicate combinations. There are 
no apparent reasons for many of these complex interactions. 

Metabolism experiments 

Factor means for DN and RN are tabulated in Table 13. During the 
3-day metabolism experiments, daily feed intakes were not significantly 
different between pigs fed the barley and wheat-based diets. No signifi- 
cant differences due to cereal source were noted for DN(g), RN(g) and 
RN(%). DN(%) was significantly greater (P< .05) for wheat-based diets 
and RN(%) was smaller (P< .05) for wheat-based diets than for barley diets. 
The feed intakes of pigs fed HMA diets were less (P< .05) than for HMA 


diets with LMA diets being intermediate and not different from either. 
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Table 12. Means for weight percentage of fatty acids in outer backfat 
where significant interactions occurred 


14:0 14:0 SEZ 
Ye ey * 

LMB Ee LMF 75° R,B 8.6" 
LMAB 2.4° LMM 2.7° RAB 10.8° 
HMAB 2.3? LMAF 2.10 RW 3.8% 
LMW 1.9? LMAM 2.60 RW 9,47 
LMAW 2.4? HMAF ah 

b b 


HMAW eG HMAM as0 
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Table 13. Means for N-digestibility (DN) and N-retention crn)! 


Factor Daily DN DN RN/ RN/ RN/DN 
feed N intake N intake % 
g g/day % % % 


Cereal source 


we 5 

Barley 1235 pie eae! 63.6 aye 69.5 
Wheat 1239 103.3 88.1 6205 52.0 60.0 
Treatment 

* Ps 
LM 1320, 104.5 84.0 eae 58.9 70.0 
IMA 1265, 99.5 84.1 60.0 50.9 60.5 
HMA 1166 yi) Moma, “es 54.0 63.6 
Sex 
F 1244 90.0 81.6 59.8 54.0 66.2 
M 1230 104.5 87.2 66.2 aoe 62.3 
1 


100% DM basis (based on calculated DM intake) 
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Treatment and sex had no significant effects on N digestibilities and 
retentions. 

Cornejo et al. (1973) reported no significant differences in RN of 
gross N(%) and increased RN of DN(%) for pigs fed barley compared with 
wheat when these cereals were the only source of protein and energy for 
the pig. Cole et al. (1970) reported that VFA treatment of high 
moisture barley produced similar apparent digestibility coefficients 
for N compared with dry untreated barley. Apparent protein digestibility 
coefficient (%), N-retention per day and N-retention (% of gross N) were 
not affected by addition of water to the feed of barrows (Kornegay and 
Graber, 1968). 

The DE and ME contents of the wheat diets were greater (P< ,01) 
than those of the barley diets (Table 14). This would be expected on 
inspection of values in the NRC Feed Composition Tables (1969). The DE 
as a percent of gross energy was greater (P< .01) for the wheat-based 
diets compared with the barley-based diets. ME as a percent of DE was 
not affected by cereal source. The DE and ME contents of the HMA diet 
was lower (P< .05) than the LM and LMA diets which were not different. 
DE as a percent of gross energy and ME as a percent of DE were not 
affected by treatment. Sex of the pigs had no significant effect on 
any of the measures of digestibilities. 

Cornejo et al. (1973) reported that ME/DE(%) was not significantly 
different for wheat and barley. The apparent digestibility coefficient 
of gross energy was not affected by VFA treatment of high moisture barley 
when compared with dry barley (Cole et al., 1970). Kornegay and Graber 
(1968) have reported that the energy digestibility coefficient was not 


affected by addition of water to diets based on corn. 
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Table 14. Means for digestible energy (DE) and metabolizable energy (ME)? 


Factor DE/kg feed DE/GE ME/kg feed ME/DE 
kcal % keal % 


Cereal source 


* * ee ¥ 
Barley aha. VES 3039 97.4 
Wheat 3461 86.5 S557 97.0 
Treatment 

* * 
IM 3426, 83.1 33480 97.7 
LMA 33355) S2.0 3228) 96.8 
HMA Shi2 Sh 3018 97.0 
Sex 
F 3239 80.2 SAGs OF 7] 
M 3342 84.8 CS ED 96.7 
ik 


100% dry matter basis (based on calculated DM intake) 
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GENERAL SUMMARY AND CONCLUSIONS 

Pigs fed barley-based diets consumed more feed per day, gained at 
a faster rate and converted feed to liveweight gain more efficiently 
than did pigs fed wheat-based diets. Calculated lysine levels of the 
wheat diets were below the minimum requirement suggested for the starting 
pig; however, the lysine contents of the wheat diets approached the 
recommended levels for the finishing pig. 

The addition of volatile fatty acids (acetic-propionic acid mixture) 
to the diets had no significant effects on feed intake, rates of gain 
and feed conversion efficiencies. It would appear that VFA, which are 
effective preservatives for high moisture content grains, do not 
adversely effect performance of pigs when the acids are in their diets. 

The digestibility and retention data gave little information that 
could be related directly to performance or carcass quality of the pigs. 
Grams of N digested and retained were not different for wheat or barley 
diets. N digestibility (%) was greater for wheat diets; however, RN/DN(%) 
was lower for the wheat diets. DE and ME contents of the diets followed 
the same pattern. Sex of pigs had no significant effects on digestibilities 
and retentions. 

Carcass characteristics were affected by cereal source. Barley-fed 
pigs had a lower dressing %, increased loin areas, greater ham/carcass % 
and superior R.O.P. and grade indices. Barley-fed pigs also reached 
market weight at an earlier age than wheat-fed pigs. The usual trend is 
for pigs that gain more rapidly to have fatter carcasses, but in the 
present experiment the opposite situation occurred. It is also usual 
for pigs fed higher energy diets based on a wheat compared with lower 


energy diets based on barley to have fatter carcasses and this situation 


9 


‘s pi + see ae) vol a be 


‘ : 
ia ie ve “1 sty 4 v4 7; F h 
e% Lota cll ) A Be | ripe 


. Hewes ben 
* e 4, i: 
. f “2 4i¥ u a 


} a }. f 
7 POu “4 
1 a | 
Ds yy 4 ub ‘ 
i? . } 
4 . 
r o : 
P f l if 1 
- 7 > 
, * os , 4 
I< Li tI a ll 
= 
7 ; a & wel “~ 
“=e, 
oa 
~ * Fy 
i 24% aw : a 
: : 
. ? at & 
; ¥ Bo {2 
ag 
> W Pee | et J 
¥ AS Be a ) 
r 
ia teenth 
oogg Lv 
% : » 
; + i 
; iw <7 Toy 
y 
- ry én | 
' | Se. ,AEaosec 
‘ 
t a eo ae ee oe 
he ve sae be 
if 


bbport tape edt .cgty | #2-taotln asdy win toittie, ma 38 - thy ow 20 


j 


. 
aa5 i 


weo% 2 yorant ava ot Whiger som ew teds egig be 


ag! 
ry ; a = 
oo od 7 af: LEY Rove | 


57 


did exist. Carcass characteristics were not affected by treatments; 
however, pigs on the low moisture diets reached market weight at a 
younger age than did pigs on the other treatments. 

The back fat of the barley-fed pigs contained more 14:0 and 18:2 
fatty acids and less 18:1 than wheat-fed pigs. The barley-fed pigs had 
a larger proportion of saturated fatty acids and concomitantly less 
unsaturated fatty acids in their back fat than did wheat-fed pigs. 
Treatments affected the proportion of 14:0; low moisture diets producing 
a larger proportion of 14:0 than high moisture acid-treated diets, 
with low moisture acid-treated diets being intermediate. Treatments 
did not affect the proportions of the other fatty acids. 

Sex had a significant effect on slaughter age, certain carcass 
measures and fatty acid composition of the back fat. Gilts had less 
total back fat, larger loin areas, greater ham/carcass percentage and 
better R.O.P. and grade indices. Gilts reached market weight at an 
Older age than barrows. These are the usual differences encountered 
between gilts and barrows. Gilts produced smaller proportions of 16:0 
a greater proportions of 18:2 and 18:3 which resulted in more un- 
saturated and concomitantly less saturated fatty acids in their back fat. 

The addition of volatile fatty acids to pig diets did not 
significantly affect performance or carcass quality although age at 
slaughter was older for pigs fed acid-treated diets by approximately 
10 days. This difference in market age was related to wheat-based 
diets as there was little evidence of difference in barley-based diets. 
Therefore, based on results obtained, use of the Wed Mee (2/3 acetic, 
1/3 propionic acids) used in this trial as preservative for barley will 
not interfere with performance of pigs fed diets containing the barley 


with the preservative. Further study of preserved wheat is needed before 
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use of such wheat can be recommended without any possible reservation 
even though VFA treatment of wheat had no significant effects on 


performance. 
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APPENDICES 


Table i. Mean squares - feed and growth data 


Average daily gain (ADG) 


Factor df Starter Grower/Finisher Overall 
Cereal (C) 1 0.1262" ay Bk O-1g51** 
Treatment (T) 2 0.0077 0.0099 0.0062 
GL 2 0.0058 0.0404* 0.0060 
Sex (S) 1 0.0480** 8 Se be O-0720** 
cs 1 0.0040 POLS 0.0077 
ts 2 0.0016 0.0102 0.0014 
Crs 2 0.0017 pen Ugg 0.0032 
Replicate (R)” 1 02 3696"* 0. 11987* Goi 2o7 => 
RC i 0.0143 0.0297 0.0086 
RT 2 0.0003 0.0050 0.0025 
RCT 2 OCO1L7 0.0055 0.0091 
RS 1 0.0203 07.0378" 0.0189* 
RCS 1 0.0060 0.0082 0.0012 
RTS 2 0.0071 0.0107 0.0052 
RCTS Z 0.0030 0.0077 0.0019 
Error 24 0.0055 0.0076 0.0041 
Total 47 

Average daily feed (ADF) 
Factor df Starter 
Cereal (C) 1 070235 
Treatment (T) 2 0.0421 
iT 2 0.0072 
Sex (S) 1 O70153 
cS iz 0.0121 
TS 2 0.0233 
Error 14 0.1044 
Total £3 
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Table i. continued 


Average daily feed (ADF) 


Factor ra Grower/Finisher Overall 
Cereal (C) 1 Goa 725" Weed One 
Treatment (T) 2 0.0661 0.0419 
tg 2 0.0670 0.0120 
Replicate I 0.0748 0.0908 
ExSTor S 0.0414 0.0157 


Bora. ik 


Table ii. Mean squares - efficiency of feed conversion (F/G) 


Efficiency of feed conversion (F/G) 


Factor df Starter 
Cereal (C) f 2.5424** 
Treatment (T) 2 0.1078 
GT 2 O14 37 
Sex (S) 1 0.4224 
CS 1 0.0039 
TS 2 0.2336 
EYTror 14 0.1682 
Total Zo 


Efficiency of feed conversion (F/G) 


Factor df Grower/Finisher Overall 


Cereal (C) 1 0.0072 O51203** 
Treatment (T) 2 0.0726* 0.0281 
CT 2 0.0095 0.0010 
Replicate 1 0.1143* OFL4syr* 
Error 5 0.0074 0.0074 


Total Lt 
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Table ili. continued 


Sums of saturated and unsaturated fatty acids 


Factor df 14:0+16:0+18:0 16: 1+18: 14+18:2+18: 3+20:1 
Cereal (C) 1 19.905* 19.905* 
Treatment (T) 2 3.397 5.397 
CE 2 4.631 4.631 
Sex (S) 1 43,149** 43.149** 
CS ie 0.362 0.362 
tS 2 07534 0.334 
CTS 2 10%503* 10.303 
Replicate (R) 1 2.055. 2.055 
RC 1 7.046 7.046 
RT 2 0.521 O.521 
RCT 2 igeyese 2 fel 
RS I 3. a92 3.592 
RCS 1 6.042 6.042 
RTS 2 6.093 6.093 
RCTS 2 7.932 1.952 
Error 24 eed AT. 2.474 
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Table v. Mean square - metabolism data for digestible and metabolizable 


energy 
Factor df DE/kg feed DE/GE ME/kg feed ME/DE 
kcal % kcal % 

Cereal (C) 1 693992.0** 385, 599** 606696.0** 1.0366 
Treatment (T) 2 209437.0* 2xazs 222988.0* 1.9138 
CT Z 54184.0 15.858 56461.7 0.1164 
Sex (S) 1 59152.8 49.563 52209 .6 0.1011 
CS 1 60.659 O.002 LARS P 0.4113 
TS 2 75400.0 SA eooL 83356.6 0.6458 
CTS 2 49749.8 39.186 55656. 1 0.1909 
Brror Le BP 26.654 35448.3 beAS TES, 
Total 2 
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